Exocrine pancreatic secretion under the stimulation by endogenous or exogenous hormones was well correlated with the extent of pancreatic fibrosis estimated by the histometrical treatment.
Exocrine pancreatic secretion in Billroth II type of gastrectomy was depressed to 60-70% of the patients' with Billroth I type of gastrectomy.
In distal pancreatectomy the depression in the exocrine pancreatic secretion almost corresponded with the resected volume of pancreas.
Exocrine pancreatic secretion in pancreatodoudenectomy was highly depressed beyond the expected value from the resected volume and fibrosis of the pancreas.
This was interpreted as partly due to the elimination of hormonal mechanism by duodenectomy and partly due to the denervation of the secretory fibers by surgical manipulation.
exocrine pancreatic secretion; pancreatic fibrosis; pancreatoduodenectomy; distal pancreatectomy; gastrectomy Although many studies have been performed on the physiology or pathophysio logy of exocrine function of pancreas, most of them were animal experiments or carried out on patients with morbid pancreatic fistulae encountered during the postoperative period. The present study deals with the comparison of the exocrine functions in patients who underwent upper abdominal surgery of several types with the external pancreatic duct drainage. The effects of pancreatic or gastric resection and pancreatic fibrosis on the exocrine pancreatic function were investigated by the histometrical treatment of the tissue and the quantitative measurement of pure pancreatic juice.
MATERIALS AND METHODS
The control cases were tabulated in Table 1 . Pancreatic and hepatic functions in these cases were proved to be within normal limits by pancreozymin-secretin test and routine liver function tests performed preoperatively. The other cases studied were tabulated in Tables 2 and 3 . The effect of pancreatic fibrosis on the exocrine secretion was investigated in Case 5. The influence of duodenal passage of gastric content upon the exocrine secre- tion was studied in Cases 6, 7, 8 and 9. The effect of distal pancreatic resection on the exocrine pancreatic secretion was examined in Case 10 using Case 9 as control, and that of proximal pancreatic resection was examined in Cases 11 to 15, taking into consideration the fibrotic change of the remnant pancreata. After transduodenal minor sphincterotomy, pancreatic duct drainage was exteriorized through the jejunal loop with a polyethylene tube of 2 mm in caliber.
Pancreatic juice was collected every 6 hr into a bottle in an ice bucket. Checking its volume at the bedside, bicarbonate and amylase concentrations were measured for an aliquot according to the methods of Van Slyke et al . (1919) and Caraway (1959) and expressed as total dialy output, i.e. the sum of 4 six-hr outputs . The average daily output on the 7th to 14th postoperative day was used for the purpose of comparison , since the patients recovered so as to have ordinary meals on the 7th to 10th postoperative day. For the purpose of exogenous stimulation , secretin of 0.02 unit/min/kg was infused and pancreozymin of 1 unit/kg was administered by a single injection after the pancreatic 
RESULTS

Daily secretion in normal and fibrotic pancreata
Daily flow of pancreatic juice in controls with normal histology ranged from 833.9 to 958.5 ml, the average value being 891.6 ml (Table 4) . Daily bicarbonate output ranged from 79.45 to 93.63 mEq with the average of 85 .79 mEq. Daily amylase output was 25323 units on the average . Pancreatic parenchyma in 4 controls occupied from 90.47 to 93.96% (mean; 92.58%) of the total tissue . In contrast, daily flow of pancreatic juice and daily outputs of bicarbonate and amylase in Case 5 were 587.7 ml, 59.75 mEq and 15682 units , respectively. The histology of Case 5 was shown in Fig. 2 . The histometrical ratio of this tissue was 70.95% of parenchyma. Since the mean control parenchymal ratio in this series was 92.58%, the parenchymal reduction in Case 5 was corrected to 70 .95/92.58 or 76.63%. Comparing the parameters of secretory function in Case 5 with control , the extents of reduction in daily flow and daily outputs of bicarbonate and amylase were 65.9%, 69.6% and 61.9% , respectively. Although these values did not Similar comparison was made between Cases 8 and 9 in total gastrectomy. The alimentary tract after total gastrectomy was reconstructed by jejunal substitution for stomach in Case 8 and by esophagojejunostomy combined with Roux en Y jejunojejunostomy in Case 9. Namely, the duodenal passage was preserved in Case 8 but diverted in Case 9. The value of daily pancreatic flow under total gastrectomy with jejunal interposition was similar to control, showing 98.23% of the control value. The bicarbonate and enzyme outputs, however, showed a con siderable depression to 55.9% and 57.2% of controls, respectively. As compared with Case 8, Case 9 showed a depressed daily flow to 66.3%. This seemed to be due to the diversion of duodenal passage in Case 9. The declines in bicarbonate and enzyme outputs were 68.7% and 52.8%, respectively. The decrease of 66% and 69% in flow and bicarbonate output under total gastrectomy was almost the same as under subtotal gastrectomy, but the enzyme output was less than the latter.
Daily pancreatic secretion after pancreatectomy
On the assumption that 60% of pancreas was preserved in distal pancrea tectomy at the stem of the lienal artery, comparison was made between the cases of total gastrectomy with and without distal pancreatectomy (Table 5 ). In Cases 9 and 10, the alimentary tracts were reconstructed by esophagojejunostomy and Roux en Y jejunojejunostomy. The former was combined with distal pancreatec-t omy, but the latter was not. The parenchymal ratios in both cases were within normal range histometrically. The exocrine parameters of Case 10 showed the decrease of 64.76% in pancreatic flow, 55.72% in bicarbonate output and 64.66% in enzyme output against the respective values of Case 9. These corresponded approximately with the ratio of preserved remnant parenchymata.
In ordinary pancreatoduodenectomy as prescribed before, 50% of pancreas parenchyma was preserved. The histology of the pancreatic cut-surface in pancreatoduodenectomy varied with the fibrotic changes for the lesion of the pancreatic head, and the parenchymal ratio ranged from 91.53% to only 2.07%. The parameters of pancreatic exocrine function in 5 pancreatoduodenectomized cases were shown in Table 6 in an ascending order of fibrosis. Case 11 had localized cephalic pancreatitis which was misjudged as carcinoma. The histology of the resected surface was normal and its parenchymal ratio was estimated at 91.53%. Comparison of the exocrine parameters was made between the pancreatoduo denectomized Case 11 with normal histology and the unresected controls. The values of the former were 31.66% of the controls in flow, 19.08% in bicarbonate output and 11.26% in enzyme output.
Applied Case 11 as the pancreatoduodenectomized control, each exocrine para meter in Case 12 with parenchymal ratio of 82.84% (corrected ratio to Case 11; 90.52%) was depressed in an almost parallel fashion, that is, to 82.8% in flow, 72.6% in bicarbonate output and 81.1% in enzyme output. The data of Case 13 were not exactly comparable with others', since the averages during the 5th to the 10th postoperative day were adopted because of the spontaneous removal of pancreatic duct drainage on the 12th postoperative day. The same comparison was attempted between Case 13 with 85.8% of the corrected parenchymal ratio and Case 11 with the normal histology. The declined ratios were 97.6% in flow, 65 Secretory responses to exogenous secretin and pancreozymin
The above-described data were on the secretory responses to so-called endogenous stimulation of diet. Responses to the exogenous stimulants were as shown in Table 7 . Bicarbonate concentration under the secretin infusion was increased up to 115 to 200%, as compared with the unstimulated values. Flow of pancreatic juice in the fibrotic pancreas under secretin infusion was lower than control. Similar results on bicarbonate concentration were obtained in the fibrotic pancreas remnant under pancreatoduodenectomy. In Case 5 with 76.6% of the corrected parenchymal ratio, however, the change in bicarbonate concentration was minimal.
The ratio of percent increase in amylase concentration under pancreozymin stimulation was 110 to 160% in the present series. On the other hand, the ratios in flow of juice and bicarbonate concentration were around 110%. Compared with each amylase concentration in the cases studied under pancreozymin stimulation, the percent increase after stimulation was correlated with fibrotic replacement. It was concluded, therefore, that the changes in water and enzyme secretion seemed to be correlated with the pancreatic fibrosis, even under these corresponding hormonal stimulations. Since it was confirmed in the present study that the pancreas parenchyma without microscopical lesion occupied 90.47 to 93.97% of the total organ, pancreas with over 90% parenchyma might be considered as functionally normal. The fibrotic pancreas with 70.95% of parenchymal ratio showed the corresponding decrease in the flow of juice, outputs of bicarbonate and amylase. As for the residual parenchyma and its secretory function after pancreatoduodenectomy, a similar correlation was found when compared with the histologically normal remnant. Namely, the cases with 90.52, 85.77 and 39.46% of the corrected parenchymal ratios against Case 11 with normal histology showed considerably parallel depressions of their exocrine parameters. In the case with parenchyma of 2.26%, exocrine secretion was extremely low and any numerical correspondence was not obtained. Since the residual parenchymal cells would be still scattered even in an extraordinarily fibrotic pancreas, measurement of parenchyma should be made in the overall organ as possible. As mentioned above, however, under the conditions of diffuse lesion it would be postulated that a quantitatively parallel correlation exists between pancreatic parenchyma and exocrine function in the endogenous stimulation of diet.
DISCUSSION
Since the so-called endogenous stimulation of diet in the present study was not uniform as the stimulant to each patient, the exogenous stimulation with secretin or pancreozymin, though in small numbers, was attempted to confirm the relationship between secretory activity and parenchyma. Under secretin infus ion, a decrease in bicarbonate output was coincident with the parenchymal ratio in fibrotic pancreas. The parameters of exocrine function also tended to decrease in a parallel fashion within + 10% divergency, and the more parenchymal reduction resulted in the less secretory outputs. Under pancreozymin stimulation the same tendency was observed. Although there might be arguments for and against that the dose of secretin or pancreozymin used in this study was not appropriate for submaximal stimulation comparable with each individual, it was suggested that the secretory output was affected by the histological changes and the volume of pancreas remnant even under the exogenous stimulation of secretin and/or pancreozymin.
The percent increase in enzyme secretion under pancreozymin stimulation was much higher in the non-resected pancreas than in the pancreatoduodenectomized. Interaction of neurological or endogenous factors during the exogenous infusion of stimulants should be taken into consideration. Further studies are required for this matter. Although some questions on the sequel of fibrotic pancreas or pancreatic remnant after pancreatoduodenectomy are still remained, the present study will show a clue for the rational treatment or substitution of enzymes after upper abdominal surgery.
